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1 Executive Summary

The current CHART System is the culmination of work spanning across multiple
contracts and vendors using a Business Area Architecture (BAA) developed in 2000 and
this BAA developed in early 2007. Revision 12 of this document is an update to reflect
the work completed in Release 12 of CHART.

A BAA document describes:

e A developed, aligned, and communicated business vision

e Designed business processes including relationship to organizations,
technology, and facilities

e Defined, distributed, and integrated applications and data entities across
platforms and locations

e A developed architecture at the conceptual level for technical infrastructure

e Defined, interrelated, and scheduled releases within the business change program

The scope and operational priorities of the CHART System have shifted since the
publication of the original BAA document. The following imperatives drive the need to
update the BAA:

e New technology and innovative solutions

e New standards to facilitate interoperability between intelligent transportation
systems (ITS) component devices and software.

e post-9/11 and post-Katrina security and emergency preparedness issues (e.g.,
DHS)

e Increased imperative for improved coordination and integration between
Maryland, its neighbors, and the federal government

In addition to the BAA being out-dated, the evolution of CHART over the past 10+ years
(as supported by multiple vendors, multiple contracts, and emerging priorities) has
resulted in requirements that are scattered in multiple documents and requirements
management systems.

In order to ensure that the foundation for the future development of CHART is solid, the
BAA and the requirements that came from it need to be refreshed. This document
reflects the efforts of a cross-functional CHART business team to accomplish this. The
key recommendations for success that were identified by BAA participants included:

e Connection to SHA Signal System —a communications infrastructure needs to be
designed, funded and implemented.

e Detection — Many of CHART’s requirements defined in this document can only
be partially reached unless a detection infrastructure (leased or built) can be
implemented.

e Communications — Integration with 911 Centers and support of RITIS. CHART
should help guide RITIS into a 24/7 fully supported program.

1
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These three key items, that are each projects unto themselves, will be the key areas that
can take CHART to the next level of Traffic Management for the State of Maryland.

This document includes an Introduction and overview (Sections 2 and 3, respectively),
and detailed sections of all key business areas (Process, Organization, Location, Data,
Application, and Technology; Sections 4 through 9, respectively). Each of these detailed
sections begins with the vision, principles, constraints, and assumptions that guided the
analysis of each area; and ends with recommendations for improvement in that area.
Section 10 describes the Release Strategy for implementing the improvement
recommendations across all the business areas. It provides a System Release Plan (for the
Process, Data, Application, and Technology areas) and an Organization
Recommendations Plan (for the Organization and Location areas) that provides suggested
implementation timeframes. Appendices provide information that supplements the major
sections.
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2 Introduction

This introduction includes:

e CHART program background
e BAA project background
e BAA approach and methodology

2.1 CHART Program - Background

CHART (Coordinated Highways Action Response Team) is a joint effort of the Maryland
Department of Transportation and the Maryland State Police, in cooperation with other
federal, state and local agencies. CHART's mission is to improve “real-time” operations
of Maryland’s highway system through teamwork and technology. The CHART program
relies on communication, coordination, and cooperation among agencies and disciplines,
both within Maryland and with neighboring states, to foster the teamwork necessary to
achieve its goal. This is consistent with Maryland’s State Highway Administration’s
overall mission, which is to provide Maryland with an effective and efficient highway
system.

The CHART program is Maryland’s entry into the ITS (Intelligent Transportation
System) arena, and started in the mid-1980s as the “Reach the Beach” initiative, focused
on improving travel to and from Maryland’s eastern shore. It has become so successful
that it is now a multi-jurisdictional and multi-disciplinary program, and its activities have
extended not just to the busy Baltimore-Washington-Annapolis-Frederick corridors, but
into a statewide program. The program is directed by the CHART Board, consisting of
senior technical and operational personnel from SHA, Maryland Transportation Authority
(MdTA), Maryland State Police (MSP), Federal Highway Administration, the University
of Maryland Center for Advanced Transportation Technology (UMd CATT Lab), and
various local governments. The board is chaired by the Chief Engineer of the SHA. This
comprehensive, advanced traffic management system is enhanced by a state-of-the-art
command and control center called the Statewide Operations Center (SOC). The SOC is
the “hub” of the CHART system, functioning 24 hours a day, 7 days a week, with
satellite Traffic Operations Centers (TOCs) spread across the state to handle peak-period
traffic.

2.2 Business Area Architecture (BAA) Project - Background

The current CHART System is the culmination of work spanning across multiple
contracts and vendors using a Business Area Architecture (BAA) developed in 2000. A
BAA is document that describes:

e A developed, aligned, and communicated business vision

e Designed business processes including relationship to organizations,
technology, and facilities

e Defined, distributed, and integrated applications and data entities across
platforms and locations

e A developed architecture at the conceptual level for technical infrastructure

3
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e Defined, interrelated, and scheduled releases within the business change program

The scope and operational priorities of the CHART System have shifted since the
publication of the original BAA document. The following imperatives drive the need to
update the BAA:

e New technology and innovative solutions

e New standards to facilitate interoperability between intelligent transportation
systems (ITS) component devices and software.

e post-9/11 and post-Katrina security and emergency preparedness issues (e.g.,
DHS)

e Increased imperative for improved coordination and integration between
Maryland, its neighbors, and the federal government

In addition to the BAA being out-dated, the evolution of CHART over the past 10+ years
(as supported by multiple vendors, multiple contracts, and emerging priorities) has
resulted in requirements that are scattered in multiple documents and requirements
management systems.

In order to ensure that the foundation for the future development of CHART is solid, the
BAA and the requirements that came from it need to be refreshed.

2.3 Business Area Architecture Updated - Approach and
Methodology

The purpose of this task is to update the BAA. The approach for this is illustrated in
Figure 2.3-1, summarized in the paragraph below, and detailed in the subsections that
follow.

As the figure suggests, the first step is to analyze the “as-is” situation by reviewing
current CHART documentation, and to validate that analysis at a BAA kickoff and scope
verification workshop. This is followed by a vision workshop and a series of “to-be”
workshops to detail that vision. After the “to-be” high-level requirements are
determined, a gap analysis is done to compare the existing “as-is” requirements to the
new “to-be” requirements.

Based on the final list of new baselined requirements, a release strategy and plan is
developed to guide the next phases of the CHART evolution. This strategy and plan will
include not only the requirements for the application and data changes, but also the
requirements for associated policy, process, and procedure changes; technology
implementation; and organizational changes and training.
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l
il # A D 51

To-be

As-Is Vision To-be A5'|S To-be Plan
Task: BAA Task: High- Task: Detailed to- Task: Gap Task: Release
Kickoff and level vision be state based analysis of to-be strategy and plan for
scope on vision state vs as-is future CHART
verification requirements enhancement:
Method: Method: Method: Several  Method: Offline Method: Off-line
Workshop Workshop workshops analysis and analysis with CHART

documentation management

validation

Figure 2.3-1 - BAA Update Approach

2.3.1 As-Is Analysis and Scope Verification; To-Be Vision

In preparing for the BAA kickoff and scope verification update, the project team
reviewed numerous documents including, but not limited to:

e Prior BAA (including interview with CHART management to assess what parts
were most useful)

e CHART Functional Vision document in January 2001,

e CHART Business Plan, completed in 2003, which included an unconstrained
vision for CHART (wish list).

e System-level and software requirements for CHART and related systems
(CHART II, Mapping, Video, EORS, etc.)

e CHART user documentation and system documentation

A workshop was conducted with key CHART stakeholders to validate the as-is analysis,
the scope and purpose of the BAA update initiative, and the goals for CHART in terms of
both pictures and words that describe the case for action and vision of the future state.

2.3.2 To-Be Details

Following the initial “as-is” and vision workshops, a series of workshops was conducted
to fully define the high-level requirements for the future CHART. The guiding principles
and methods for guiding this activity include:
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e Carefully planned, facilitated discussions that produce decisions that about
new direction in processes, technology, requirements.

e Workshop format that produces highest quality results in least amount of time
with shared input and buy-in.

e Off-line preparation (e.g., facilitator research, participant read-aheads) that
optimizes workshop time.

e Cross-functional, dedicated resources that increases horse-power.

With respect to the last item in the list above, representatives from the following groups
were invited to attend the workshops:

SHA management

CHART and MdTA operations leads

SHA Project Managers and Task Leaders

Partners from University of Maryland

CHART users

Representatives from groups that want to contribute to or receive data from
SHA CHART’s near future Center-to-Center capability (e.g., CAPWin)

e Outside subject matter experts (SMEs) from Team CSC

The topics for these workshops were based on CSC’s holistic approach to business area
architectures which is to address all areas of a business situation - -the processes,
organization, location, data, application, and technology — or POLDAT, for short. Each
of these areas is shown in the figure below and briefly described in the paragraph the
follows. The figure suggests that all areas are integrally related — like pieces of a pie --
and affect one another.

Organization e Business Process. Focuses on what the
customer does, how activities are carried out
and in what sequence, what rules are followed,

Business Location and type of resylts obtained.
Process ¢ Organization. Focuses on people and
organizations involved in the change; their
Application T culture, capabilities, roles, team structures,

and organizational units.

e Location. Focuses on where business is
conducted; e.g., physical facilities such as a
branch office or data center, customer and
vendor sites.

Figure 2.3.2-1 CSC’s Holistic Approach for BAA

e Data. Focuses on content, structure, relationships, and business rules for data
used by business processes, applications, and organization.
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e Application. Focuses on capabilities, structure, and user interface of software
applications and application components used to support the change.

e Technology. Focuses on hardware, system software, and communications
infrastructure used to enable and support solutions and services.

In addition to the POLDAT-based workshop topics, special topics were also addressed in
the workshops to cover related information in a more focused way (e.g., Federal and
State ITS standards, external system interfaces). The full list of workshop topics is listed
below. Note that they are listed in a topically related way and not necessarily in the order
in which they occurred.

e Kickoff; Case for Action and Vision

Process - Traffic Monitoring

Process - Incident Management

Process - Traffic Management

Process - Traveler Information and Performance Management
Process - Administer System and Devices
Organization

Location

Data

Application

Technology

Federal/State ITS Standards

External Traffic Management Interfaces
Emergency Preparedness and Homeland Security

2.3.3 Gap Analysis

While the new requirements were being identified in the workshops, the existing
requirements were collated, cataloged, and grouped to logically consolidate them. Once
all the new high-level requirements are identified for the areas listed above, a gap
analysis is done to compare the new requirements to the consolidated existing
requirements. The purpose of the gap analysis is to determine:

What’s been done

What still needs to be done

What no longer needs to be done

What needs to be done that hadn’t been identified before

2.3.4 Release Strategy and Plan

The release strategy and release plan presented here describes an approach to systems
development that builds and deploys the CHART system in a series of releases and
builds. As opposed to the “big-bang” approach, the multiple release strategy is done to
divide the system into manageable sized pieces that:
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e Provide enhanced functionality for CHART in a sequence consistent with
operational needs.

e Lessen the impact on the operations personnel regarding training on the enhanced
functionality.

e Provide reasonably sized sets of code for development, testing, and
documentation.

e Allow for iterative process and system improvements over successive releases.

This release strategy and plan includes more than just the application- and data-related
requirements. It includes all of the suggestions for process, technology, organizational,
and location changes as well. It is important that all of these areas be considered together
since there are often dependencies. Example: There’s no point in developing a user
interface to control a new device type until it the device type has an operational
requirement.

To guide the decision process for determining the releases, the first step is to classify the
requirements by their relative business value and their relative ease/difficulty of
implementation. Note: This is not an exact science. “Business value” may mean
business value for customers, stakeholders, users, etc. “Ease” may mean technically easy,
politically easy, fiscally easy, etc. The CHART Management Team and the CSC Project
Team collaborated to assess each requirement and plot it on a chart similar to that shown
in the figure below.

High
A
I 1
) Do Now “Chunk”
Business (Quick Hits) Start soon
Value
v Reconsider; Defer
Crack-fillers
Low
Easy » Hard

Ease of Implementation

Figure 2.3.4-1 — Value-Ease Matrix for Developing Release Strategy
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Once each requirement is plotted, the planning step allocates each requirement to a
release based on a combination of factors:

Position on the value-ease matrix

Blend of requirements from different points on the matrix
Interdependence of requirements

The volume of work represented by each requirement.

The release planning activity follows the general guidelines below:

e The first [post-BAA] release (CHART Release R3B1) includes many of the items
from quadrant | (top left; to deliver as much business value as soon as possible),
some from quadrant 11 (top right; to get started on the more difficult but very
important requirements), only as many from quadrant I11 (bottom left) that must
be done to satisfy a specific business urgency, none from quadrant IV (bottom
right).

e The second release/build includes any remaining (or new emerging) items from
quadrant I, more from quadrant Il (to continue to progress on the more difficult
but very important requirements), only as many from quadrant 111 that must be
done to satisfy a specific business urgency, none from quadrant 1V.

e The third and subsequent releases and builds are similar to the second release
except that they will have fewer quadrant | requirements (since they will mostly
have been completed), more of the quadrant 11l requirements, and some
requirements from quadrant IV may need to be done.

Both the plotting of the requirements on the Value-Ease matrix that defines the release
strategy, and the resulting release plans are validated with CHART management to
ensure that the releases fully meet the priorities of the mission goals of CHART. The
Release Strategy and Plan is described in Section 10.
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3 Overview of CHART Direction

This section includes an overview of:

CHART’s mission and goals
CHART’s Case for Action

CHART’s Vision

High-level CHART business processes

3.1 Mission and Goals

The mission and goals are what drive operations and decision-making in an organization.
CHART’s mission statement is:

To improve mobility and safety for the users of
Maryland’s highways through the application of
ITS technology and interagency teamwork.

CHART’s goal is to ensure mobility and safety for the users of Maryland’s Roadway
network through the application of management and operations and interagency
teamwork. The specific objectives and the measurement of the success of meeting that
objective are outlined below.

e OBJECTIVE: ROADWAY MONITORING
Increase availability of key incident data in the Baltimore/Washington
Metropolitan Area.
Measurement: Percent increase of captured incident data

e OBJECTIVE: INCIDENT MANAGEMENT
Provide effective incident management that reduces non-recurring delay (in
vehicle hours) to achieve related cost savings for the traveling public, including
commercial traffic.
Measurement: Delay by vehicle hours / cost savings during non-recurring
congestion

e OBJECTIVE: TRAFFIC MANAGEMENT
Provide effective traffic management that reduces recurring delay (in vehicle
hours) to achieve related cost savings for the traveling public, including
commercial traffic.
Measurement: Delay by vehicle hours / cost savings during recurring congestion

e OBJECTIVE: TRAVELER INFORMATION

10
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Achieve greater positive customer feedback regarding traveler information.
Measurement: Feedback from website / media coordination meetings / postcards

e OBJECTIVE: EMERGENCY OPERATIONS
Complete specified number of programmed Emergency Operations related
enhancements, developments, and plans.
Measurement: Percent of completed initiatives

e OBJECTIVE: EMPLOYEE SATISFACTION
Increase employee satisfaction based on positive feedback on employee surveys.
Measurement: Percentage of overall employee satisfaction

e OBJECTIVE: BUSINESS PROCESSES
Establish documented procedures to improve CHART’s internal controls for
procurement, inventory, and asset management.
Measurement: Creation of documented procedures for procurement, inventory,
and asset management

The specific strategies for meeting these goals are outlined in the Business Plan for the
Office of CHART and ITS Development FY 2004-2007.
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3.2 Case for Action

The primary business issues that inhibit CHART from reaching all of its goals and
fulfilling its mission are documented in a Case for Action. The purpose of a case for
action is to provide a clear and succinct summary of the issues to justify the reason why
change is required. Some of the key elements of CHART’s current case for action are
illustrated in the picture below.

Wrong info
or blank sign

911 Center

What did you say?!!

T
Accident cleared?
Accident occurred?
ACc/de," G
Regional b
Center "
™
— g\(\\
! R
Privat Scanner
R
Center cgloe

SHA Radio
Figure 3.2-1 - Case for Action Graphic

As the picture depicts in the center, currently CHART operators are multi-tasking data
entry clerks that have too many non-automated inputs such as phones, scanners, faxes,
and camera views. They also have too many automated systems that are not integrated
(e.g., CHART, EORS, WebEOQOC) that can have incomplete or conflicting information.
There is also a lot of data from other entities such as 911 centers, regional centers, and
private organizations, but this data is not consolidated, is often conflicting and does not
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go into CHART. As a result of the lack of integrated systems and data, little or sometimes
incorrect information is provided to the traveling public, as is shown in the area at the top
of the diagram (there is heavy traffic on one road but the DMS message has wrong
information or is blank.

While the graphic above symbolically represents some of the key issues that inhibit
CHART from reaching all of its goals and fulfilling its mission, the specific issues are
more fully described in the table below. These statements were derived from workshops
with CHART Users, Management, and Partners.

Case for Action
Statement
Too many
systems; not
enough
integration.

Figure 3.2.2 - Case for Action Statements

Supporting Statements

Inaccurate or inconsistent data prevents us from getting timely, accurate
information to the traveling public and incident responders.

Weak integration with external systems (e.g., such as Web EOC and third party
systems) and some of our own separate systems (e.g., EORS) means:
o We don’t have the whole picture.
o We have to reenter data in multiple systems vs. having the systems talk
to each other.
¢ We have conflicting data (e.g., notifications) and don’t know what to
believe.
o  Our sign messages are sometimes inaccurate or inconsistent.
o The traveling public has no efficient way of knowing what's go on the
highways.
e We cannot act proactively (e.g., the CHART scheduler) to provide good,
automated support to the CHART operators.

Lack of standards for inter- and intra-agency processes and communication make
it difficult to coordinate appropriate and timely response to incidents and get good
information.

Low equipment reliability and resource-constrained maintenance reduces the
integrity and completeness of the data we do receive. Example: If we have no
camera information or drivers in the area of an incident, we are not able to capture
and relay accurate information or even respond.

Not enough
traffic flow data is
available, and
what is received
isn’t used

We don'’t provide enough traffic management with the data we DO have (or could
get; e.g., latitude and longitude for CHART devices).

We need to do a better job of performance measurement and providing that
information to travelers (e.g., 511, travel time displays).

With current
resources we are
significantly
under-serving the

Some of the most severe and difficult incidents to resolve are those on roadways
where there are few alternate routes, and the accessibility and maneuverability of
response equipment is limited. This can often impact nearby arterials.
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Case for Action
Statement

public because
we cannot collect
data or provide
full CHART
capabilities on
arterials, and are
not able to
provide enough
traffic
management.

The degree of congestion in the metropolitan areas has increased travelers’
reliance on secondary roads as alternates. We need to provide adequate traveler
information about these roads as well.

Supporting Statements

If we do not provide more avenues for traveler “self-service” (e.g., 511, info on
relative times on alternate routes), poor route decisions can and does result in
increased congestion, increased incidents, congestion-related fuel waste and
pollution, and increased cost-per-household.

We need
strengthen our
cooperation with

We and our stakeholders have common elements to our missions and need to
establish technical infrastructure requirements, common protocols and procedures
(e.g., homeland security compliance) that we can all live with — CHART, SHA,

our stakeholders. | MDOT, regionally, and nationally.
We need to recognize that we cannot effectively fill the CHART mission without
data exchange with other non-CHART organizations.
If we allow stovepipes to crop up when funding is available for special projects,
and we do not ensure that we allow for interfaces with new and future systems, we
will perpetuate this problem.
We need to recognize that that we can’t (and shouldn’t) do it all. If we don’t say
“no” to some of things we are asked to do (or agree to assist in some other way)
we will continue to dilute our mission by trying to be all things to all people.
We need “teeth” | The lack of clear, documented, supported agreements often results in errors,
in our response delays and the “blame game.”
agreements with . _ 3 o .
non-CHART When responding to a highway condition-related incident where authority and
e accountability are unclear or conflicting, the responders may be confused about
SERI LD who's in charge, what should be done, and who has the clear responsibility AND
between CHART- I , :
accountability for making sure it gets done.
related
organizations. Turf wars over device ownership and device sharing are counter-productive.

Inadequate coordination between CHART, the signals group, and construction site
managers during incidents sometimes results in resource inefficiencies and
aggravated traffic situations.

If we do not have clear agreements on day-to-day operations, we will certainly be
at risk for poor emergency response (e.g., coordinating communications and
activities across regions; Federal, State, and local agencies; and the private
sector.
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3.3 Vision

In response to the Case for Action, a vision of the future documents what the “to-be”
CHART will look like. The key elements of the vision are illustrated in the picture below
and detailed in the table that follows.

1-95, 5 MILES AHEAD
TRAVEL TIME 5-7 MIN

Traffic Flow
Detectors

Consolidated
External Data

CHART
911/CAD

Regional
Private PLUS
Aerial
Signal

More Camera
Views

Figure 3.3-1 - CHART Vision Graphic

As the picture depicts in the center, the CHART operator of the future is no longer a Data
Entry clerk with too much data input, but a Traffic Manager who is able to use processed
traffic and incident information (e.g., trends) and fully integrated computer systems that
provide consolidated data from numerous other sources (e.g., 911, regional data; and
aerial data and signal data — that they didn’t have before). All of this information is
provided seamlessly to the operator via one interface - CHART. Additionally new
technology and communication methods facilitate more real time roadway data
collection, and additional camera views provide more information to CHART operators.
As a result of the newly integrated systems and data, more information (and of a higher
quality) is provided to the traveling public (e.g., travel times on DMS), as is shown in the
area at the top of the diagram. This, in turn, contributes to more efficient traffic flow.
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While the graphic above symbolically represents some of the key elements of the Vision
for CHART, specific vision statements (listed in the table below) were derived from
workshops with CHART Users, Management, and Partners.

Figure 3.3-2 - CHART Vision Statements

POLDAT! Statement
Area
Process We will leverage technology and business arrangements to better support the
CHART mission

CHART will monitor traffic and roadway conditions on all interstates and State
roadways; and expand this coverage to arterials.

CHART will provide operators, field responders, and the public with accurate, real-time
information on roadway condition, incident activity, and congestion by broadcasting this
information via multiple devices and formats, both pre-trip and enroute.

CHART will provide all operators and field responders with the appropriate procedures
and protocols so that they know, within 30 seconds of incident notification, what they
need to know to respond to the incident.

CHART will ensure that everyone traveling on roadways in Maryland has all the
information they need to make good travel decisions.

CHART services will arrive within 5 minutes to assist every stranded motorist and
incident response in Maryland

Organization | Better support CHART execution through alliances and system-supported
job enhancement.

CHART will provide decision support tools that will allow operators to become traffic
managers not data entry clerks.

The cooperation between CHART and its key stakeholders will increase to the point at
which:
e CHART partners actively and fully support our agreements on procedures,
protocols, and data sharing.
e CHART systems will be fully integrated with other agencies such as VDOT,
DDQT, DC, PENNDOT

Location CHART operations will all be virtual; our “office” is the State of the
Maryland.

There will be a TOC in every District (starting with District 5 and the Eastern Shore

CHART will expand to utilize existing signal systems to provide more capabilities and
support to arterials/highways beyond interstates.

CHART will better equip field operations to they can respond faster and more
completely by providing field depots (closer to the field operations) to store equipment,
provide shared office space for meetings, or even just a place to change a tire.

CHART will provide 24 hour state-wide patrols.

Data Data from more sources; seamless to users

CHART will reduce the burden of determining what data may be required from other
from other providers’ systems be allowing them to provide simple data dumps and let
CHART prescribe the filters for what CHART needs to know.

CHART will be able to import/integrate external traffic data without operators knowing

! POLDAT = CSC methodology acronym for Process, Organization, Location, Data, Application, and
Technology
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POLDAT! Statement
Area

or caring about the source (but it will be marked with the source so operators can
gauge validity).
The public regularly commutes across multiple jurisdictions and will neither know nor
care “who is responsible” for notifying them of backups and cleaning them up. They
will just get the information they need when they need it; irrespective of its source.

Application Increase usability, and more automation, integration, and intelligence.
CHART will provide incident management fusion such that the system:

¢ Knows who needs what info and routes it appropriately (e.g., automatic
notifications for fax and page, automatic “event [still] open” alerts with
snooze).

o Automatically keeps track of the age of the data (so users know what’s
current).

e  Supports standards-compliant intra-system messaging.

o Automatically opens a CHART event with lane closures upon roadwork
activation.

e Provides an alert capability to let operators know when something needs their
attention.

¢ Provides automatic sign/DMS suggestions for major events based on location
and direction.

e Provides an event and device scheduler.

CHART will integrate its systems and equipment with current systems and new external
systems in support of reducing recurring and non-recurring congestion and increasing
the safety of the traveling public. This includes, but is not limited to:

o Providing regional integration with RITIS.

¢ Integrating cameras with those of other agencies.

e Providing automatic mapping, automatically programmable HARs and DMSs,
automatic weather alerts, automatic paging, and automated incoming data
collection.

¢ Integrating AVL into CHART.

e  Providing traffic control signals status and monitoring.

e Controlling lane use signals and traffic signal timing.

CHART will be able to predict congestion and push response before it happens using
location, time, current roadway conditions, weather, and other factors (e.g., prior
incident patterns) based on historical data.

Technology | More devices, smarter devices, field-accessible devices.

Information from CHART devices and sensors, and vehicles themselves will support
automated incident detection and congestion detection, and will provide information
(e.g., to the public via HAR, DMS and other) and to operators in order to divert traffic to
uncongested areas.

o To improve field operations capabilities and reduce response time, CHART will:
o Have sensor and camera coverage across the entire state highway system.
o Provide data and video to AND from field responders and management as
appropriate. Examples:
o Provide field access (e.g., portable units) to CHART (e.g., for events,
disabled vehicles, etc.) and agency resources (e.g., e-mail).
e Provide stationary but movable in/on-vehicle cameras (e.g., dash
cameras mounted on the trucks that could even automatically take a
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POLDAT! Statement

Area
snapshot when the arrow-board goes up)
e Provide detachable/mobile cameras and/or video equipment that are
capable of transmitting images directly into CHART.
e Provide better access to aerial assets to monitor traffic and relay/enter
information (via on-board CHART).
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3.4 High-level CHART Business Processes

Given the Case for Action and Vision documented above, the project team defined the
new and modified business processes that must be in place (and supported by appropriate
software) for CHART to fulfill the mission and goals described in Section 3.1. The
new/modified processes they defined are listed below. Two key areas of change from the
prior BAA are the importance of:

e Emergency Planning and Preparedness (including decision support tools, and
simulation)

e Performance Management to monitor the effectiveness of the CHART program
activities.

Several other more familiar processes have been enhanced through the specification of
new high-level requirements for procedures, organizational structure and relationships,
location, data, application, and technology.

The high-level business processes are shown in the diagram below. The diagram shows
that all processes flow toward or support achieving the goal of mobility and safety for
Maryland roadway users. The four core CHART processes (Monitor Traffic and
Roadways, Manage Events, Manage Traffic, and Provide Traveler Information) are
supported by the three enabling processes (Administer System and Equipment, Prepare
for Events and Emergencies, and Manage CHART Performance). Each of these
processes is summarized in the list that follows, and defined in more detail in the
Business Process subsection of this document.

Monitor Traffic and Roadways

Manage Events

Manage Traffic & Safety

for
Maryland
Roadway

Provide Traveler Information

Administer Prepare for Manage
Systemsand  Events and CHART
Equipment  Emergencies  Performance

Figure 3.4-1 - CHART Business Processes

Administer Systems and Equipment - This process provides the means to manage
system users and access (e.g., logins, shift handoff), define areas of responsibility, initiate
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updates to the map, manage the message libraries and dictionaries, and configure devices
in the CHART system.

Prepare for Events and Emergencies - This process allows CHART users to determine,
in advance, the recommended appropriate response to events and emergencies. It
includes the ability to create decision support plans and simulate them, to associate traffic
management plans to specific roadways (e.g., FITMs and alternate recommended routes)
and to devices, to define criteria for system alerts, and to schedule events. Some of these
capabilities existed in prior versions of CHART or were planned, but these new
requirements provide more sophisticated capabilities and move these capabilities from
the control of programmers to the control of CHART system administrators.

Monitor Traffic and Roadways — This process provides status on traffic and roadways
and alerts operators to adverse conditions. This process includes detecting and recording
conditions, issuing alerts and posting information, and receiving and responding to
system alerts. Currently this process is mostly manual (e.g., camera observation;
listening to scanners; reports from field operators, police and the public), but some
automation (e.g., outputs from detectors) could be leveraged to automate more of this
process. In the future, this process will automatically provide event alerts for CHART
operators, and traffic management information for the public (e.g., travel times).

Manage Events - This process allows CHART operators to formalize an event; and
initiate a response to events to optimize traffic flow on roadways and clear incidents and
re-open lanes as quickly as possible, while protecting the safety of victims, travelers and
emergency personnel. This process includes three basic steps for managing events:
1) Open the event (identify location, nature and severity of the event; leverage
decision support tools to determine the course of action and deploy devices and
resources).
2) Respond to and monitor the event (e.g., control on-scene and related arterial
traffic flow using personnel and signals, perform scene activities, view cameras to
monitor activities).
3) Close the event (e.qg., verify the scene is clear, close the event in CHART or
change the event type, notify appropriate parties).

Manage Traffic - This process leverages traffic flow data and CHART resources to
manage freeway and arterial traffic flows with the goal of greater efficiency and safety.
Better traffic management also allows CHART to do better incident management. Being
able to improve traffic management on logical, diversionary, alternate paths is one of the
biggest problems to overcome. However, CHART may have an advantage because
currently many signals are managed at the state level (vs. local level) which could assist
with the management of traffic. This process is primarily focused on non-event-related,
recurring traffic conditions to prevent or relieve traffic congestion and balance traffic
flow. It includes managing traffic flow through the intelligent use of signal control
(based on both historical and current conditions), and providing traveler information on
travel times and alternate routes.
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Provide Traveler Information - This process provides real-time information concerning
travel conditions on the main roads in the primary coverage area by broadcasting
information to the public, providing camera feeds to approved agencies and partners,
posting information on the public CHART website, providing CHART information
directly to third parties (e.g., travel bureaus, the media) for dissemination to the public,
providing recorded information on traffic and roadway conditions that is available via
telephone. Traveler information focuses on planned or accidental traffic disruptions, such
as accidents, chemical spills, snow, ice, floods, major special events, seasonal
recreational peaks, and roadway construction.

Manage CHART Performance - This process allows CHART managers and others to
assess and enhance the effectiveness of CHART by reviewing and evaluating the
performance of devices, software, and personnel. This includes equipment failures or out
of service status for maintenance, response time to events, etc. This process includes
monitoring and reporting system operation anomalies (e.g., for devices, CHART software
and hardware), generating statistical reports and analyzing performance, and developing
recommendations for CHART improvement. Most of this process is done off line by
CHART management and external industry analysts, but it is based on CHART data.
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4 Business Process Model

The Business Process Model describes the to-be state of what CHART does, how
CHART activities are carried out and in what sequence, what rules are followed, and the
results of these activities. This is aligned with the Case for Action and Vision that guide
the future focus of CHART. This section includes the Business Process Model Direction
(Section 4.1), a high-level hierarchy of the business processes (Section 4.2), detailed
definitions of the enhanced and new business processes (Section 4.3), the business
performance goals that the new processes are designed to achieve (Section 4.4), and the
business process recommendations (Section 4.5).

4.1 Business Process Model Direction

The Business Process Model Direction outlines the vision, and the principles, constraints,
and assumptions that guide optimum operation of CHART activities and the
application(s) that support them.

4.1.1 Business Process Vision

The key vision statement for the vision for the future CHART business processes, as
described by the workshop participants is:

CHART will leverage technology and business
arrangements to better support its mission

Specific examples of these goals are outlined below:

e CHART will monitor traffic and roadway conditions on all interstates and State
roadways; and expand this coverage to arterials.

e CHART will provide operators, field responders, and the public with accurate,
real-time information on roadway condition, incident activity, and congestion by
broadcasting this information via multiple devices and formats, both pre-trip and
enroute.

e CHART will provide all operators and field responders with the appropriate
procedures and protocols so that they know, within 30 seconds of incident
notification, what they need to know to respond to the incident.

e CHART will ensure that everyone traveling on roadways in Maryland has all the
information they need to make good travel decisions.

e CHART services will arrive within 5 minutes to assist every stranded motorist
and incident response in Maryland.
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4.1.2

4.1.3

Principles

CHART will establish clear protocols, automate processes and procedures (e.g.,
SOPs and FITMs) where practical, and leverage decision support tools for
operations.

The system will allow us to maintain and readily implement incident response
plans.

CHART will integrate SOPs with the software in a prioritized manner by order of
importance.

Business Process Constraints

Some current agency policies and guidelines do not always address CHART’s personnel
issues and equipment regulations.

4.1.4

Business Process Assumptions

SOPs will be applied consistently across all locations; the TOCs and SOC will
have the same information and rules to perform system operations activities.
The automation of processes and procedures will minimize data entry
requirements for operators.

4.2 Business Process Hierarchy

Based on the previously defined Case for Action and Vision, the project team defined the
new and modified business processes that must be in place (and supported by appropriate
software) for CHART to fulfill the mission and goals described in Section 3.1. The
new/modified processes they defined are listed below. Two key areas of change
identified since the prior BAA are the importance of:

Emergency Planning and Preparedness (including decision support tools, and
simulation)

Performance Management to monitor the effectiveness of the CHART program
activities.

Several other more familiar processes have been enhanced through the specification of
new high-level requirements for procedures, organizational structure and relationships,
location, data, application, and technology.

All the high-level business processes are shown in the diagram below.
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Monitor Traffic and Roadways

Manage Events

Manage Traffic & Safety

for
Maryland

Provide Traveler Information

Administer Prepare for Manage
Systemsand  Events and CHART
Equipment  Emergencies  Performance

Figure 4.2-1 - CHART Business Processes

The diagram shows that all processes flow toward or support achieving the goal of
mobility and safety for Maryland roadway users. The four core CHART processes
(Monitor Traffic and Roadways, Manage Events, Manage Traffic, and Provide Traveler
Information) are supported by the three enabling processes (Administer System and
Equipment, Prepare for Events and Emergencies, and Manage CHART Performance).
Each of these processes is summarized in the list that follows, and defined in more detail
in the next subsection of this document.

Core Processes

Monitor Traffic and Roadways — This process provides status on traffic and roadways
and alerts operators to adverse conditions. This process includes detecting and recording
conditions, issuing alerts and posting information, and receiving and responding to
system alerts. Currently this process is mostly manual (e.g., camera observation;
listening to scanners; reports from field operators, police and the public), but some
automation (e.g., outputs from detectors) could be leveraged to automate more of this
process. In the future, this process will automatically provide event alerts for CHART
operators, and traffic management information for the public (e.g., travel times).

Manage Events - This process allows CHART operators to formalize an event; and
initiate a response to events to optimize traffic flow on roadways and clear incidents and
re-open lanes as quickly as possible, while protecting the safety of victims, travelers and
emergency personnel. This process includes three basic steps for managing events:

1) Open the event (identify the location, nature and severity of the event; leverage
decision support tools to determine the course of action and deploy devices and
resources).

2) Respond to and monitor the event (e.g., control on-scene and related arterial
traffic flow using personnel and signals, perform scene activities, view cameras to
monitor activities).
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3) Close the event (e.g., verify the scene is clear, close the event in CHART or
change the event type, notify appropriate parties).

Manage Traffic - This process leverages traffic flow data and CHART resources to
manage freeway and arterial traffic flows with the goal of greater efficiency and safety.
Better traffic management also allows CHART to do better incident management (e.g.,
ability to support alternate route designations). Being able to improve traffic management
on logical, diversionary, alternate paths is one of the biggest problems to overcome.
However, CHART may have an advantage because currently many signals are managed
at the state level (vs. local level) which could assist with the management of traffic.

This process is primarily focused on non-event-related, recurring traffic conditions to
prevent or relieve traffic congestion and balance traffic flow. It includes managing traffic
flow through the intelligent use of signal control (based on both historical and current
conditions), and providing traveler information on travel times and alternate routes.

Provide Traveler Information - This process provides real-time information concerning
travel conditions on the main roads in the primary coverage area by:
e Providing camera feeds to approved agencies and partners
e Posting information on the public CHART website
e Providing CHART information directly to third parties (e.g., the media) for
dissemination to the public
e Providing recorded traffic and roadway condition information via highway
advisor radio, dynamic message signs, and telephone.

Traveler information focuses on planned or accidental traffic disruptions, such as

accidents, chemical spills, snow, ice, floods, major special events, seasonal recreational
peaks, and roadway construction. In the future this will also include travel times.

Enabling Processes

Administer Systems and Equipment - This process provides the means to manage
system users and access (e.g., logins, shift handoff), define areas of responsibility, initiate
updates to the map, manage the message libraries and dictionaries, and configure devices
in the CHART system.

Prepare for Events and Emergencies - This process allows CHART users to determine,
in advance, the recommended appropriate response to events and emergencies. It
includes the ability to create decision support plans and simulate them, to associate traffic
management plans to specific roadways (e.g., FITMs and alternate recommended routes)
and to devices, to define criteria for system alerts, and to schedule events. Some of these
capabilities existed in prior versions of CHART or were planned, but these new
requirements provide more sophisticated capabilities and move these capabilities from
the control of programmers to the control of CHART system administrators
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Manage CHART Performance - This process allows CHART managers and others to
assess and enhance the effectiveness of CHART by reviewing and evaluating the
performance of devices, software, and personnel. This includes equipment failures or out
of service status for maintenance, response time to events, etc. This process includes
monitoring and reporting system operation anomalies (e.g., for devices, CHART software
and hardware), generating statistical reports and analyzing performance, and developing
recommendations for CHART improvement. Some of this process is done off line by
CHART management and external industry analysts, but it is based on CHART data.
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4.3 Business Processes Definitions

This section details each of the CHART business processes described above. It is
presented in a numerically chronological manner, however, in day-to-day operation many
of the processes occur simultaneously and/or in a different order. Within each subsection
below the process titles are preceded with a parenthetical reference to the numbers on the
business process model that was generated during the BAA workshops. These numbers
correspond to the numbers in the upper left corner of each process box. For more
information on how to read the process models and to see all the process model graphics,
refer to Appendix A.

At the highest level, CHART is comprised of the seven major processes outlined in the
previous section and shown in the diagram below. Each of these processes is described
in more detail in the following sections.
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Figure 4.3-1 CHART Major Processes
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4.3.1 ADMINISTER SYSTEMS AND EQUIPMENT

This process provides the means to manage system users and access (e.g., logins, shift
handoff), define areas of responsibility, initiate updates to the map, manage the message
libraries and dictionaries, and configure devices in the CHART system. It includes the
sub processes listed below and shown on the figure:

e Administer CHART Organizations, Locations and Users
e Maintain Message Libraries

e Maintain Map

e Manage CHART Control

e Install and Maintain Devices
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Figure 4.3.1-1 Sub Processes for Administer Systems and Equipment
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(1.1) ADMINISTER CHART ORGANIZATIONS, LOCATIONS, AND USERS

(12.1.1) MAINTAIN CHART ORGANIZATIONS AND GEOGRAPHIC AREAS
OF RESPONSIBILITY
This process allows for specifying types of locations and geographic areas of
responsibility. The ability to identify these two items separately and associate them is a
critical requirement, and facilitates more rapid identification of appropriate responders
and organizations that need to be notified.

Currently the list of organizations includes a mixture of 87 different organizations; some
are geographically specific (e.g., "Carroll™) and some are type-specific (e.g., "Park
Police™). Being able to identify the type of organization AND the geographic area of
responsibility allows the system to automatically identify the correct resources based on
the specific location of the event (e.g., closest maintenance shop, appropriate Maryland
State Police (MSP) barrack, closest DMS), and to facilitate more granular management of
requests for camera control. This facilitates both the current event management and the
future decision support for event management.

(1.1.1.1) MAINTAIN ORGANIZATION TYPES
This process allows the system administrator to add, modify, or delete organization types.
Examples of these types include TOCs, law enforcement, maintenance shops, media, etc.

(1.1.1.2) MAINTAIN GEOGRAPHIC AREAS OF RESPONSIBILITY
To leverage the map and let the system intelligently determine the areas of responsibility,
this process allows the system administrator to determine, for each organization, the
geographic areas of responsibility. The system administrator can add, modify, and delete
the areas of responsibility. The current options would be "map-driven™ (for most
organizations, based on regional boundaries which by definition include county
boundaries, and city boundaries), "state-wide/none" which would include state agencies
or third party entities that have no specific geographic limitations, and "non-Maryland"
which would include other states' geographies (e.g., northern Virginia and Delaware).
Each area of responsibility should include a name and a brief description.

(1.1.1.3) MAINTAIN ORGANIZATION
This process allows the system administrator to add, modify, or delete new organizations
from CHART. Examples would be a new TOC, a new CHART partner, etc. This
process would require the following information:

e Organization name and short description of the organization.

e Association of the new organization to an organization type (e.g., traffic
operations center, law enforcement).

e Association of the new organization to an area of responsibility.

(1.1.2) MAINTAIN CHART FUNCTIONAL RIGHTS
The ways in which rights, roles, and organizations are managed in CHART will need to
be reviewed. Currently the system administrator cannot add, modify, or delete rights (it's
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code-driven). The administrator can only Set Rights for a specific role by
associating/dissociating specific rights using check boxes. The rights (in some cases
based on organization, too) determine what specific CHART features and capabilities can
be associated with certain permissions. Examples are:

e "Basic" (view traffic event and view user logins)
e "Configure" (configure arbitration queue, configure system, configure users)
e "DMS" (configure, maintain), etc.

In the future, some of these rights might not need to be set because they would
automatically be predetermined based on geography and organization; aka "Area of
Responsibility.” The area of responsibility would ensure that each device, sensor, etc.
would be known and controllable from the closest, most appropriate CHART resource.
Example: the "Manage Device Comms" right would not be necessary if/when the device
had an assigned owner organization that has a defined geographic area of responsibility.

(1.1.3) MAINTAIN CHART ROLES
This process allows the system administrator to add a role, remove a role, or set rights for
a role; and currently supports CHART's needs.

(1.1.4) MAINTAIN USERS
This process allows the system administrator to add a user, view and set the user roles (a
user may have multiple roles), set the user password, and remove a user.

Currently, the user-organization associate occurs when the user logs in. CHART may
want to consider moving to assigned organizations, depending on how area of
responsibility, organization, and functional rights are integrated together. In the future,
the system administrator may need to associate the user with an organization. The system
administrator also needs a way to view the last time the user logged in to help identify
potentially inactive users for further analysis; e.g., no longer an employee of SHA, and
potentially a way to associate this user with their parent organization (e.g., employee of
MdTA).

(1.2) MAINTAIN MESSAGE LIBRARIES
This process allows the system administrator to manage the dictionaries of acceptable and
unacceptable words and phrases, create (and maintain) message libraries of prepared
messages, and create (and maintain) templates of typical DMS and HAR messages (e.g.,
"Congestion at XXX, Exit YYY™.

For all dictionary entries, message libraries, messages, and templates, there's a new
requirement to display the userid and date/timestamp for when it was created and last
used. This will greatly facilitate clean-up of out-dated entries.

(1.2.1) MAINTAIN DICTIONARIES
This process allows the system administrator to enter words and phrases into two
dictionaries one each of acceptable and unacceptable words and phrases for use in DMS
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and HAR messages. The dictionary is used in validation of library and ad hoc messages
for both DMS and HAR.

The current capability is not as robust as it needs to be. Examples:

e The acceptable word dictionary isn't helpful or used as much.

e Need more checks for commonly misspelled words

e Few users use the "edit automatic feature™ because the rules do not currently
address all situations.

e Many HAR messages include intentional mis-spellings in order for the
pronunciation to be more precise so the spell-checking is not as useful here.
Examples: "egzit" for exit, and "eye 90 5" for 1-95.

Some possible improvements to consider are:
e Increased use of templates based on event type that have pre-defined phrasing for
common message types to ensure more consistent verbiage (see process 1.2.3).
e Provide date/timestamps for dictionaries on when they are created and last
accessed to identify entries that may not be useful and are candidates for deletion
to keep the dictionary current.

(1.2.2) CREATE MESSAGE LIBRARY ENTRY
There are several user-defined message libraries. The library name indicates either an
area of responsibility (e.g., "AOC", "District 3") or an event type (usually for state-wide
or region-wide messages such as Amber alerts or state of emergency weather alerts).
There are several naming conventions for these message libraries; enhanced capabilities
for the naming and folder structure are needed.

Each message library can have one or more messages. Each DMS message includes:
e Message ID - unique identifier

Message Name

Message Text

Topic/category (weather = Snow, Ice, Freezing Bridges, etc.)

Sign length - maximum sign length

Beacon indicator - flag indicating whether beacons are set on/off

Each HAR message includes:
e Header (agency broadcasting the message; usually SHA but can be MdTA or
other)
e Body - of message
e Footer - radio call letters and frequency of specific HAR device

The messages are editable (e.g., change "exit" to "egzit" for better pronunciation of HAR
messages), and may be deleted by the system administrator.

(1.2.3) CREATE DMS/HAR MESSAGE TEMPLATE
This process provides the ability to create standard templates for DMS (similar to the
HAR templates that are currently available). This would include the standard formats for
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each type of DMS (e.qg., for number of lines) and standard verbiage that includes generic
information as placeholders. This could save time, increase accuracy and consistency,
and minimize the training necessary to ensure that correct messages are displayed. These
message templates could be used at any time, and the most appropriate message template
would be invoked as part of the decision support (see process 4.1.2.3.3, “SELECT OR
ENTER APPROPIATE MESSAGE”).

(1.3) MAINTAIN MAP
This process allows the system administrator to: a) download the base map data, b) select
and download applicable map layers, and ¢) modify map entries (e.g., for approved
aliases of road names such as 1-595, and d) add some key road intersections for county
roads; CHART users currently rely on ADC maps for this data).

Currently this process is not automated and requires programmers to do the updates to the
mapping system. The mapping/GIS data is obtained from HISD. A suggested
improvement is to revisit the frequency and granularity that the GIS data is available
from HISD, and additional data layers that may be available, CHART would like to have
GIS data available from neighboring location, such as the District of Columbia, Virginia,
Delaware, Pennsylvania, and better data for the bridges and toll areas.

(1.4) MANAGE CHART CONTROL

(1.4.1) CONTROL LOGIN
This process allows a user to select a center/location, and enter their user name and
password in order to log on to CHART. This process also allows the system
administrator to reset forgotten passwords. In the future, the system should allow single
sign-on for log in to the CHART, the CHART map, the paging system, and EORS. Note:
Login timeouts would have to be synchronized across applications. Additional security
controls for number of login attempts before lock out and stronger authentication
requirements should be considered.

(1.4.2) PERFORM SHIFT HAND-OFF (INCOMING)
This process allows a user to transfer control to another user (normally at shift change).
The current capability to do this is satisfactory but improvements should include the
capability for a system administrator to enter a pre-defined "message of the day" that
would be displayed during shift hand off, requiring user to acknowledgement.

Once the initial login and shift hand off are complete, the Operations Center home page
should display all the open events for that area of responsibility, by event type, and
should allow the user to filter which event types to view. Additionally, open travel events
for related areas of responsibility would be displayed. A suggested alternate arrangement
of an enhanced Operations Center home page is provided in Section 8.3.1.1.

(1.4.3) MAINTAIN SHIFT HAND OFF REPORT
This process allows the user to enter notes and review other users' notes related to shift or
Center activities. It is one continuous text field that is maintained by the users; e.g., old
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messages are deleted, messages updated/edited for accuracy. It is primarily used for
operators to pass notes back and forth between shifts, and for supervisors to provide
important information (e.g., Joe is out sick; call Jane instead).

This feature is very useful; everyone can see it and edit it so it promotes collaborative
work. The feature is generally working well but needs a few more controls and could be
more user-friendly. Examples of areas for improvement are:

e The user has to enter HTML commands to format content for text appearance and
tables.

e It's too easy to accidentally delete data.

e There's no capability to automatically remove out-dated information; somebody
has to delete it manually.

e Supervisors would like an acknowledgement that operators have read this.

(1.4.4) USE CHART CHAT
This process allows the users to maintain an on-line chat and is often used to facilitate
inter-center communication instead of using the telephone. Not everyone uses the
capability but it appears to be satisfactory at this time.

In the future, it might be helpful to have the message box pop up (or otherwise be more
noticeable without interrupting on-going typing), and provide an audible alert when a
message comes in and/or has not been checked (e.g., snooze timer).

Procedures for using CHART chat need to specify that this is an informal communication
mode and shouldn't be used to send critical messages (e.g., related to urgent incident
response).

(1.4.5) CONTROL LOGOUT AND TRANSFER CONTROL
This process allows the user to log out completely, transfer CHART control to another
user (e.g., for shift change), and transfer resources (e.g., at the end of daily operations for
Centers that aren't 24x7).

For transferring CHART resources, the system currently requires the events to get
transferred one at a time or all at once, which works well. However, a new capability
should be added for emergency log out and transfer procedures (e.g.., when a facility
must be evacuated on short notice).

The system should not allow the user to log out completely or transfer resources without
requiring him/her to check and/or update the shift hand off report.
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(1.5) INSTALL AND MAINTAIN DEVICES

(1.5.1) INSTALL EQUIPMENT/ DEVICES
This process is primarily the responsibility of Planning, Engineering, and Maintenance
organization. The key new requirement for CHART is to provide better coordination on
the planned quantity and location of new equipment and devices, and to provide a
capability of adding the device in CHART and on the map with a status of "planned" with
an appropriate filter to make sure it isn’t visible to operators (for planning purposes only).

The types of equipment/devices include:

Dynamic Message Signs (DMSs)

Highway Advisory Radio (HARs) and SHAZAMs (beacons)
Closed Circuit Television (CCTV) cameras

Point Detection (e.g., detectors for weather, environmental, and speed conditions,
and snhapshot cameras)

Toll Tags Readers

Cell Phones Readers

Traffic Signals

Vehi